Introduction
Due to fast growing computational technology, large amounts of experimental data for complex biological systems have become increasingly available. This provides opportunities and challenges on how to efficiently and effectively handle these data for novel discoveries. Data mining, which is the process of statistically analyzing data from different perspectives and summarizing them into useful information and patterns, is of great importance in bioinformatics. For example, it is used in automatic classification, regression, clustering, and future selection of biological data (Frank et al., 2004) . With more and different sources of data, it requires sophisticated computational analyses to study them. One main obstacle is how to analyze large noisy and heterogeneous datasets quickly and precisely (Zhang, 2013) . Data mining algorithms and tools can be used to undertake these challenging and interesting computational problems in biogeography.
Additionally, analysis of ecological data can be used to describe geographical variation of a species to subspecies, mainly by studying morphologic and genetic characters as well as diet patterns (Benton, 1980; Powell and King, 1997; Virgos et al., 1999; Monteiro et al., 2003; Yom-Tov and Geffen, 2006; Alexandri et al., 2012; Papakosta et al., 2012 Papakosta et al., , 2014 .
Many researchers use statistical approaches to analyze ecological data in order to investigate relationships between a response variable and a set of predictors, using hypothesis tests. Data mining is a way for a user to collect large amounts of data and analyze the data in order to compare or link variables to give a prediction; this method has been applied to ecological data, i.e. to determine relationships between environmental factors and species distribution (Su et al., 2004) or to analyze the genome of vertebrate and fish species (Glusman et al., 2000; Rise et al., 2004) in order to uncover patterns and relationships in datasets.
Data mining has three sequential stages: initial exploration, model building, and model deployment. The initial exploration involves the preparation of data. At this stage, the user mostly tries to put a large amount of relevant data into a manageable format (Berry and Linoff, 2000) . Methods of recording (measuring variables) are also set at this stage. Then, at the model building stage, users test several algorithms that could give quality outputs. This will be determined by both sampling methods and processes used to collect the data. Finally, in the deployment stage, users select the best model in order to handle accurately the data.
So far, variation within a mammalian species in relation to its geographical range has been analyzed with traditional multivariate statistical tests (discriminant analysis, etc.) in many studies (Ralls and Harvey, 1985; Kitchener et al., 2006; Wilting et al., 2011) . To test the efficiency of data mining, we selected a study species for which there is a taxonomic uncertainty, the stone marten (Martes foina, Erxleben 1777). This species is one of the most widely distributed mustelids in the Eurasian region (Genovesi et al., 1996) with a homogeneous population across its range (Tikhonov et al., 2008) . It occupies a variety of habitats and is documented as a food generalist (Serafini and Lovari, 1993; Bakaloudis et al., 2012; Balestrieri et al., 2013) . The stone marten is currently classified into 11 subspecies, although this level of classification is debated as this is based on few samples and a limited number of morphological characteristics, such as the shape and size of the white patch between the front legs and the neck. However, other recent techniques, such as mtDNA analysis, were developed in order to investigate the existence of subspecies. The literature identifies three subspecies that occur in Greece: on the mainland, Martes foina foina (Erxleben 1777); on the Aegean islands, M. f. milleri (Festa, 1914) ; and on the island of Crete, M. f. bunites (Bate, 1906) . Given that this classification was made over 100 years ago with only a few samples (Bate, 1905; Festa, 1914) , a more detailed examination is needed on the geographical variation of the species.
Within the aforementioned framework, the aim of this study was twofold: first, to investigate if the application of data mining could be used to study variation in morphology and diet patterns of the stone marten, associated with geographical location, and second, to support data mining as a method to recognize subspecies complementary to genetic analysis.
Materials and methods

Field procedures and data collection
Samples (dead animals) were collected from three different regions in Greece: the mainland, the Aegean islands, and the island of Crete; they were animals hunted throughout the year (from 2003 to 2011). Data collected from these dead animals include morphological measurements (body and skull) and diet composition of the stone marten. Eighty-seven skulls, which belonged to 52 males and 35 females, from the mainland (n = 38) and insular Greece (Aegean islands n = 39, Crete n = 10), were measured. Body size variables were measured from 215 individuals (109 males and 106 females; mainland n = 119, Aegean islands n = 69, Crete n = 27). Diet composition was determined from 292 stomachs (151 males and 141 females; mainland n = 194, Aegean islands n = 71, Crete n = 27).
The variables for each dataset were (Table 1) : -Morphometric data: weight, height, body length, tail length, ear length, front paw length, back paw length.
-Craniometric data: sex, weight, age class (juvenile, subadult, adult), 45 variables for dimensions including length, height, width of the skull (see Table 1 and Figure  1 for landmarks of the variables of dimensions that were statistically important).
-Dietary data: percentages in stomach contents (Pineda-Munoz and Alroy, 2014), categorized in seven food groups, using microscopes and stereoscopes (mammals, birds-eggs, reptiles-amphibians, snailsworms, arthropods, plants-fruits, others), measured with two different methods: barometric (dry matter of food consumed) and frequency of occurrence.
Statistical analysis
In this study, we were interested in descriptive mining, i.e. segmentation -clustering of records -for cases with common characteristics. In these analyses, we did not want to define independent and dependent variables (inputoutput data), but rather to examine whether there is any trend (pattern) of data from the same geographical region: in other words, to investigate if there is any geographical differentiation. The following techniques were applied, using IBM SPSS Modeler v.14.2 (IBM Corporation, 2011a , 2011b , for the three groups of data (body size, skull, diet):
K-Means is a cluster analysis with unsupervised learning. The algorithm aims to create internally homogeneous groups (clusters) while maximizing the variation between groups. Two-step is a grouping analysis in two steps: during the first step, a manageable set of subgroups is created, while in the second step homogeneous subgroups are merged into larger groups.
Kohonen is a type of artificial neural network (ANN). In the neural network, each variable is called a neuron and the links between them synapses. A weight corresponds to each synapsis (synaptic weight), expressing its importance. With respect to the Kohonen network type, there is no need for distinction between input and output, while a K-network (K-net) or else a self-organizing map (SOM) is created among neurons. The SOM is a two-dimensional grid of neurons, with no synapses among them. The algorithm runs under unsupervised learning also and aims at the creation of groups (clusters) as homogeneous as possible, which will differ as much as possible between them. The silhouette measure indicates whether the formation of groups (clusters) is poor, fair, or good, with respect to the cohesion and the separation (Kaufman and Rousseeuw, 2005) . A silhouette measure equal to -1 means that all entries are in the wrong group, a measure equal to 0 means that all entries have the same distance from the center of the group where they belong and from the centers of the other groups, and a measure equal to 1 means that all entries are in the correct group.
The importance of an independent variable is a measure of how much the mining model-predicted value changes for different values of the independent variables. A sensitivity analysis to compute the importance of each predictor is applied (Streiner and Cairney, 2007) .
Results
When examining if there are any clusters (i.e. groups) in the three datasets (body size, skull, diet), by applying the three algorithms (K-means, two-step, Kohonen), the twostep segmentation gave poor clustering quality, i.e. poor group separation, (silhouette measure < 0.25), in contrast to the K-means and Kohonen techniques, which resulted in good clustering quality, for all three datasets (Figure 2 ).
In Figure 3 clusters and cluster sizes for each dataset and each data mining technique are illustrated. We observe that clusters resulting from data mining, considering all variables of each dataset as input, cannot coincide with the three geographical regions (mainland, Aegean islands, Crete) from which data were collected; in other words, there is no matching overlap of clusters from data mining and clusters from geographical regions.
Previously, we stated that the geographical variation of the stone marten cannot be confirmed, neither for morphology nor diet patterns, whatever the data mining technique used. However, we can find that there is sexual differentiation, based on morphometric data: sex is an important variable for clustering (groups' separation) when the K-means and Kohonen techniques, which have high silhouette measures, are applied (Table 1) .
Based on the P-values of the chi-square independence test between clusters, formed from data mining techniques and clusters-geographical regions, we can conclude that the two classifications are independent (P > 0.05), i.e. geographical variation for body size, craniometrical, and dietary data cannot be established (Table 2) .
Discussion
The successful implementation of data mining in this case study revealed that the stone marten is a predator with similar feeding patterns between geographic regions. There is no geographic pattern according to body size, craniometrical, and dietary data; in other words, animals from the three regions (mainland, Aegean, and Crete) cannot be distinguished based on morphology and diet. The results arising from data mining, which involves the analysis of qualitative and quantitative data, agree with those from the use of other statistical approaches that analyzed the same datasets separately for the stone marten in the Mediterranean (Papakosta, 2013) . In that study it was concluded that the species cannot be separated into subspecies between mainland and islands, as opposed to previous analyses (Kryštufek, 2004a (Kryštufek, , 2004b , which were based on limited samples. The present study comes to the same conclusion using data mining, since no geographical patterns in body size, craniometry, and diet were detected. The results in this study are consistent with the preliminary results of genetic analysis of stone marten populations in Greece, which do not support either the existence of subspecies or the existence of a polymorphism characteristic for a specific Greek stone marten population .
The use of data mining reinforces the existence of sexual dimorphism in mustelids (Erlinge, 1977; Moors, 1980) . According to Hedrick and Temeles (1989) , three major hypotheses have been advanced to explain sexual differences in size and morphology based upon (a) sexual selection, (b) intersexual food competition, and (c) reproductive role division.
The similar diet pattern, which has been documented in the three Mediterranean regions, is due to the flexible and opportunistic feeding behavior of stone marten (Papakosta et al., 2014) , which adjusts its foraging strategy to alternate available food.
The absence of significant geographical variation in the morphology and diet of the species in the Mediterranean could be explained by the lack of diverse populations before the last glacial period in Europe (Hofreiter et al., 2004) . At the end of the Quaternary period, insular ecosystems were substantially different from those of the mainland. Paleontologists and archaeologists have found differences in insular and mainland wildlife with lower biodiversity in islands (Sondaar, 1971; Azzaroli, 1977) . However, since prehistoric times, the colonists of the islands of the Mediterranean changed the endemic fauna with the import of mammals from the mainland (Masseti, 1995) . Such a scenario could be true for the stone marten, which was imported from the mainland. In addition, it should be taken into consideration that the species has a flexible and opportunistic feeding behavior (Tikhonov et al., 2008; Bakaloudis et al., 2012 ) and morphological differences are not expected (Moors, 1980) . In conclusion, our study demonstrates that data mining could be used successfully as an ecological data handling technique. Data mining can describe traits regarding the physical characteristics, ecological niche, and functional role of species within ecosystems. There are benefits arising from the adoption of these approaches, including more open collaboration and web-based data-sharing (Baird et al., 2008) . In recent years, the use of data mining methods has become increasingly familiar as a tool for addressing biogeographical and taxonomic problems. Relevant databases are often large in size and complex in structure, and their study deserves a wider appreciation of some of the biases, gaps, and potential drawbacks common to them (Soberón et al., 2000; Bhugra, 2013) . The successful implementation of data mining in this case study, which revealed that there is no separation of a mammalian species (Martes foina) to subspecies, encourages the use of data mining as a technique for analyzing ecological data. 
